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Abstract 
The time between prestressing tendons and the injection of the ducts in concrete post tensioned bridges may be several weeks. 
During this time, it is necessary to protect tendons against weathering and atmospheric humidity. Tendons should be protected 
with various oil based agents, which can have influence on their bond with a construction. 
This paper deals with the calculation of bond stresses in post tensioned concrete bridges and will try to find out whether a lower 
bond capacity caused by the use of oil emulsions is sufficient or not.  
 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of University of Zilina, Faculty of Civil Engineering, Department of Structures 
and Bridges. 
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1. Introduction, impact of bond 
Bond between prestressing unit and concrete or injection grout may be influenced by the use of corrosion 
protection emulsions [1].  
Posttensioned concrete structures can be made in two ways: using prestressing units either with or without a 
bond. Most of the posttensioned concrete bridges are designed with the use of prestressing units with bond, where a 
full connection between tendon and concrete is assumed. Main reasons are as follows: 
Protection against corrosion of prestressing units 
Denser distribution of cracks for partial prestress concrete 
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 Higher resistance for ultimate limit state 
The difference before the initiation of the first cracks on a tensioned edge between posttensioned structures with 
bonded and unbonded prestressing units is minimal. E.g. it is only negligible small difference like a deformation of 
structures. 
In structures with unbonded tendons, there is no composite behaviour between prestressing units and concrete 
sections. The tendons are placed between anchorages freely without restraint. By increasing the amount of load, the 
first crack appears when the tensile stress reaches the tensile strength. Stress in tendon drops at higher level and the 
crack deeply penetrate into the compression area. In case of an ideal unbonded tendon, the stress will increase 
uniformly at the whole length between anchorages. In fact, it may be avoided by friction between tendons and 
surrounded concrete or tendon duct in places, where prestressing units change its direction. Anyway, there is large 
elongation of prestressing units and hence a rapid crack opening. Except the first crack, other cracks can be initiated 
in areas of maximum bending moments at the distance greater than the height of prestress girder from the first crack. 
Neutral axis moves quickly to compressed edge, thereby reducing the height of compress zone. This leads to fast 
achieving of the member bending capacity. The lower resistance is following also with loss of ductile character of 
the failure. Without composite interaction of the tendon and concrete, it is impossible to reach the full strength of the 
prestressing steel.  
Using bonded prestressing units can prevent a sudden failure of a member. In this case, shear stress between 
tendon and concrete (bond stress) reduces the increased tensile stress of the tendon in areas near the first crack. 
Increased tensile stress in tendon is developed only at short length and depends on its bond stress. This leads to 
small elongations and also narrow crack width. Due to the bond stress, the tensile stress in concrete near the crack is 
almost without changes and grows with the increasing amount of load. Therefore, the other cracks appear close to 
the first crack. Before the failure of prestressed member with bonded tendon, there are many small narrow cracks 
that slowly lengthen to the compressed edge. The neutral axis moves slowly to the top of the member and so the 
compressed part of the section is much higher than in a girder reinforced with unbonded units. This also allows 
much greater tensile stress in tendon until it slowly reaches the yield strength of the prestressing unit in the crack. 
After that, the crack opens to such a level that the compressed concrete starts to crush. Therefore, bonds ensure a 
higher resistance against failures by way of a better utilization of prestressing steel. 
2. Estimation of bond stress 
In post-tensioned concrete with bonded prestressing units that are injected with grout inside the corrugated steel 
duct, it is usually not necessary to check the bond stress. 
In case that the tensile stress in concrete is lower than concrete tensile strength (uncracked section - stage I.), the 
whole concrete section is participating on shear stress transfer. The bond stress is very low and can be calculated 
with this formula:   
uI
VS
uI
VAz pppe
b       (1) 
where 
Ap  is a area of prestressing steel,  
Sp  is the first moment of equivalent prestressing steel area,  
I is the second moment of a homogeneous cross-section area, 
u is an equivalent perimeter of the tendon, 
zp  is a distance from the centre of gravity of the section to the centre of gravity of the prestressing steel,  
e  is a ratio of elasticity modulus between reinforcement and concrete, 
V  is a shear force acting in a homogenous composite cross-section without loads acting before the injecting of 
the tendon ducts (self-weight and prestress).   
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When the crack in the cross-section appears (cracked section - stage II.), bond stress drops at a higher level and, 
for its calculation, we can use the same formula as for bond stress calculation in reinforced concrete, i.e.:      
uz
V
b   (2) 
where 
z  is the lever arm of internal forces.  
 
In post-tensioned concrete bridges, bond stress is relatively low. The next chapter gives a numerical calculation 
of bond stress between tendons and concrete for a three span continuous bridge. The calculation deals with the 
analysis of some parameters affecting value of bond stress.  
3. Three Span Continuous Box Girder Bridge 
The three span posttensioned concrete bridge with span lengths of 40  50  40 m. Box cross-section has a 
constant deck depth of 2.5 m (Fig. 1(a)). Bridge prestressing consists of 16 tendons; their geometry is shown in the 
Fig. 1b. Bond stress is evaluated for all cross-sections along the bridge length to the middle of the second span, 
which is the axis of symmetry of the structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Cross-section of the bridge; (b) Longitudinal section of the bridge, geometry of the tendons. 
The bond stress is evaluated for three combinations of loads in order to show the bond stress for different level of 
loading of the structure: 
 Frequent load combination (Frq), serviceability limit state (SLS) 
 Characteristic load combination (K), serviceability limit state (SLS) 
 Design load combination (Ed), ultimate limit state (ULS) 
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Combinations were made according to European standards. In case of SLS combination, for calculation of shear 
forces from which the bond stress is derived, it was not considered actions, those started acting before grouting of 
the tendon ducts (self weight and prestressing). The calculation was made for three alternatives of prestress. 
Geometry of tendons is the same for all three alternatives. The number of strands in tendon is changing. The first 
alternative of prestress is provided by 17 strand tendons. For this alternative, decompression is not achieved for 
frequent load combination. Other alternatives of prestressing are provided by 15 and 13 strand tendons. These 
alternatives represent a partial level of prestressing 15/17 = 88% and 13/17 = 76% of the first alternative. When 
normal stress in section does not exceed the value of 2.2 MPa, which is a characteristic tensile strength of concrete 
C35/45, it was considered to be a cross-section without crack (stage I.). Otherwise, it was considered as a cracked 
section (stage II.). The results of both normal and bond stress for all three alternatives are presented in Fig. 2, 3 and 
4. The first row of each figure represents the results for frequent load combination (Frq), the second for 
characteristic load combination (K) and the third for design load combination (Ed). The first column of each figure 
represents the envelope of normal stresses for the top and bottom part of the deck, from which the areas, those 
exceed tensile strength of concrete were taken. Stresses c_Mmax were calculated taking into account only envelopes 
of positive bending moments. Stresses c_Mmin were calculated taking into account only envelopes negative bending 
moments from envelopes for assumed variable actions. The second column shows the development of bond stress 
for tendons #1 to #4, when sections without a crack were assumed (stage I.). The third column shows the 
development of bond stress, when cracked sections were assumed for the sections were normal stress exceeds tensile 
concrete strength (stage I.+II.).    
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Fig. 2. The charts of normal and bond stresses for alternative of prestressing provided by 17 strand tendons. 
Frq 
K 
Ed 
c  b  stage I. b  stage I.+II. 
#1_Vmax #2_Vmax #3_Vmax #4_Vmax 
#1_Vmin #2_Vmin #3_Vmin #4_Vmin
c,bottom Mmax c,top Mmax 
c,bottom Mmin c,top Mmin 
Stresses for top and bottom part of the deck                            Bond stresses for tendon #1 to #4 
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Fig. 3. The charts of normal and bond stresses for alternative of prestressing provided by 15 strand tendons 
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Fig. 4. The charts of normal and bond stresses for alternative of prestressing provided by 13 strand tendons. 
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148   Viktor Borzoviač /  Procedia Engineering  65 ( 2013 )  143 – 148 
4. Conclusion 
The results for midspan and inner support section are summarized for all alternatives in the Tab. 1. The bond 
stress reached a very small value and it was almost the same for all three alternatives of prestressing, when 
uncracked sections were assumed. It is 20 to 40 kPa for SLS combinations and up to 100 kPa for ULS combinations. 
When cracks appear, bond stress jump to much higher values. For midspan section, where shear forces do not reach 
maximum, it is up to 600 kPa for SLS combination. The level of prestress significantly affects the value of bond 
stress when a cracked section appears. In addition to the increase of the bond stress value, the length of cracked part 
of the structure also increases. Therefore tendons are exposed to higher bond stress. For ULS combinations of load, 
bond stress reached value of 1 to1.8 MPa at midspan sections. Bond stress in section over the inner support were 
maximal up to 3 MPa because of high shear forces. 
Theoretical analysis has shown that bond stresses in some sections assessed for ULS load combinations can be 
quite high. Whether these bond stresses could affect resistance of the posttensioned member with tendons with 
lower bond capacity due to using of oil emulsions, will show further experiments. 
Table 1. Comparison of normal and bond stresses 
TENDONS COMBINATION MIDSPAN SECTION   SUPPORT SECTION   
    c,max [MPa] I. [kPa] II. [kPa] c,max [MPa] I. [kPa] II. [kPa] 
17-strands frequent -0.3 20  -  -1.59 24  -  
(100%) characteristic 1.54 27  -  -0.51 33  -  
  design 3.77 69 991 1.06 102  -  
15-strands frequent 0.88 18 256 -0.44 23  -  
(88%) characteristic 2.72 26 344 0.65 31  -  
  design 5.09 65 1236 2.35 97 2240 
13-strands frequent 2.07 17 440 0.72 21  -  
(76%) characteristic 3.91 24 613 1.81 29  -  
 design 6.41 61 1869 3.63 90 2729 
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